Recent improvements in imaging techniques and more frequent use of cross-sectional imaging have led to an increase in the identification of benign and low-grade lesions of the pancreas. Patients with resectable cancers are commonly treated by either a Whipple procedure or distal pancreatectomy (DP) based on the location of the tumor. Central pancreatectomy (CP) is a less commonly performed operation that has recently been utilized for resection of these now more frequently diagnosed low-grade and benign lesions located in the mid pancreas. Lesions that may have a relatively more indolent nature include branchtype intraductal papillary mucinous neoplasm (IPMNs), mucinous cystic neoplasms, neuroendocrine tumors, and solid pseudopapillary tumors. The goal of a CP is complete extirpation of the lesion, while preserving pancreatic parenchyma to reduce the risks of developing diabetes and exocrine insufficiency (EI). Although open CP has been shown to be safe and efficacious, the outcomes of a minimally invasive approach are still relatively underreported and therefore unknown. In this paper, we describe our surgical approach to performing a CP with an accompanying video demonstration of the key portions of the operation.
Introduction
Wi t h i m p r o v e m e n t s i n s u r g i c a l t e c h n i q u e s a n d perioperative care, the mortality associated with pancreatic resection (PR) has decreased dramatically; however the morbidity associated with this procedure remains high. Centrally located lesions pose a particular challenge due to the variety of options available for surgical resection. Patients may undergo pancreaticoduodenectomy (PD), distal pancreatectomy (DP) or central pancreatectomy (CP) depending on the size, location and malignancy potential of the lesion (1) . CP (also known as middle pancreatectomy or median pancreatectomy) was first ascribed to Ehrhardt in 1908 (2, 3) . Guillemin and Bessot performed the first CP with pancreato-enteric reconstruction in 1957 for chronic pancreatitis, and subsequently Dagradi and Serio described the operation for resection of a benign lesion (insulinoma) in 1982 (1, (4) (5) (6) . The primary aim of performing a CP is the preservation of both endocrine and exocrine function of the pancreas while still maintaining oncologic efficacy (7) . Specifically, for centrally located low-grade lesions, a DP or PD obligates a substantial volume of the pancreas removed, placing patients at higher risk of post-operative diabetes and exocrine dysfunction (7) (8) (9) . In comparison to DP, CP also allows for preservation of spleen (7) . Advantages of CP over PD include reduced mortality and preservation of the duodenum and bile duct, with only a single anastomosis needed for reconstruction as opposed to Review Article on Pancreatic Surgery Minimally invasive central pancreatectomy and pancreatogastrostomy: current surgical technique and outcomes multiple anastomoses required for restoring continuity of the hepatic duct, pancreatic duct and intestinal tract (1, 10) . The concerns surrounding CP include high incidence of post-operative pancreatic fistula (POPF) and potentially inadequate oncologic resection in cases of malignancy (9) . However, studies have shown that although the rates of POPF after CP are relatively high (20-50%), oftentimes these patients possess soft glands and small ducts, which are both well-established risk factors for POPF (9) . Also, in most cases the POPF is clinically insignificant [International Study Group on Pancreatic Fistula (ISGPF) grade A] (9). Therefore, CP is a reasonable approach for centrally located, benign or low-grade pancreatic lesions that allows preservation of pancreas parenchyma and adjacent organs.
With increasing utilization of laparoscopic and robotic pancreatectomy, patients can now undergo either an open or minimally invasive surgery (MIS) procedure. Laparoscopic and robotic PD has gained interest due to comparable morbidity, mortality and oncologic outcomes versus open PD when performed in select patients (11) (12) (13) (14) (15) . For DP, MIS approach has now become the standard of care due to its favorable outcomes in comparison to open DP (11, 16) . In a recent meta-analysis comparing 1,814 patients undergoing open versus laparoscopic DP, the laparoscopic approach resulted in less blood loss, shorter hospital length of stay (LOS), fewer surgical site infections and lower morbidity (17) . Similarly, a MIS approach for CP has become increasingly common with the goal of decreasing the impact of morbidity related to the decreased size of incisions, shorter hospital stays, and shorter time until return to work. While both laparoscopic and robotic CP are being performed, laparoscopy may be somewhat limited given the restricted workspace and the inability to articulate instruments in a manner requisite for these complex procedures (18) (19) (20) (21) . These limitations are potentially alleviated by the use of robotic surgery. Herein, we report our technique of performing an MIS CP, with accompanying video demonstration of the key portions of the operation. Indications for CP and a brief summary of outcomes following CP are also discussed.
Indications for CP
Pancreatic lesions of the central pancreas can be extirpated via numerous operative approaches depending on their size, location and pathology. Extended PD or near-total DP are performed for pancreatic ductal adenocarcinoma (PDAC) or main-duct-type intraductal papillary mucinous neoplasm (IPMN) with potential invasive component, in order to achieve adequate resection of the tumor and also the surrounding lymph nodes, which is not always achievable with CP (7, 8) . However, for low-grade malignant tumors or benign lesions, use of PD or DP would consequently remove much of the normal pancreatic parenchyma which is likely of no therapeutic benefit ( Figure 1 ). Enucleation can also be considered; however, this should not be the procedure of choice for malignant tumors or benign lesions greater than 2 cm, or location adjacent to the main pancreatic duct (19) . Therefore, CP may be an appropriate alternative for a subset of patients possessing low-grade malignant tumors or benign lesions restricted to the central pancreas (19) . The most common indications for CP include neuroendocrine tumors followed by cysts that display indeterminate characteristics such as branch-ducttype IPMNs, and solid pseudopapillary neoplasms ( Table 1 ) (1, 7, 8, 19) . Contraindications to this procedure include PDAC, main-duct-type IPMN, neoplastic involvement of adjacent organs, and large lesions where it is impossible to preserve the left pancreatic stump (2) .
Surgical technique and technical aspects of MIS CP
All patients should be evaluated for a pancreatic lesion using a pancreas protocol CT or MRI and serum CA19-9 levels when deemed necessary. If a patient is found to have a lesion amenable to resection via an MIS CP, a preoperative assessment by an anesthesiologist is performed and medical clearance should occur similar to an open approach.
After surgical consent has been obtained, the patient is placed in a supine position with right arm extended to 90 o and the left arm is tucked. Intravenous access, monitoring lines, and a Foley catheter are placed. A nasogastric tube is inserted for stomach decompression. The abdomen is prepped and draped in the standard manner. Safe entry to the abdomen is obtained via the Hassan technique (supraumbilical) or a Veress needle. The abdomen is then insufflated to 15 mmHg and a camera port is placed in the periumbilical position (12 mm). A 5 mm port for the liver retractor is placed in the right anterior axillary line. Subsequent ports include two right-sided abdominal robotic ports (8 mm) and a left-sided abdominal port (8 mm). The exact location of the robotic ports depends on whether a Si or Xi robot (da Vinci ® Surgical System) will be used. The assistant port is placed in the left lower quadrant and should be 12 mm in order to accommodate a laparoscopic stapler. The robot is then docked over the patient's head or towards their left in case of the SI or XI robot (da Vinci ® Surgical System) respectively.
Although the indications for MIS CP are generally low-grade neoplasms or benign tumors, inspection of the abdominal cavity and surface of the liver is performed to identify any pathologic implants. Subsequently, the lesser sac is entered with the vessel-sealing device and the gastrocolic omentum is dissected free from the stomach while preserving the gastroepiploic vessels. This dissection is carried from the pylorus up along the greater curvature of the stomach to allow elevation of the stomach and adequate exposure of the anterior surface of the pancreas. At this stage, if the lesion cannot be readily visualized, ultrasound can be used to delineate the extent of the tumor and its relationship to the surrounding structures. The inferior border of the pancreas is mobilized and SMV is identified coursing posterior to the pancreatic neck. The superior border of the pancreas is also mobilized, and the common hepatic artery, gastroduodenal artery and portal vein are identified. Once both the inferior and superior borders of the pancreas have been mobilized, tunneling is performed behind the neck of the pancreas to dissect the pancreas free from the superior mesenteric vein/portal vein. Dissection is then performed in a medial-to-lateral manner to free the undersurface of the pancreas from the splenic vein. The splenic artery may follow a tortuous course behind the pancreas or through the pancreas, highlighting the necessity for a meticulous dissection to avoid injury to this vessel or the underlying splenic vein. While dissecting the central pancreas free from the splenic artery, caution must be taken to identify the overlying coronary vein (left gastric vein), which in our experience serves as a critical anatomic landmark of the celiac trunk. This vein can be ligated if necessary. The dissection of the central pancreas from the splenic vein and artery is continued until the distal extent of the tumor has been reached. Liberal use of intraoperative ultrasound can confirm the location of the tumor and a duplex can also confirm arterial/venous anatomy. The plane of transection of the pancreas to the left of the tumor is identified and marked to represent the distal margin of the specimen during pathological examination, and the transverse pancreatic arteries are suture ligated. The pancreatic neck to the right of the tumor is routinely divided with a GIA stapler. The parenchyma located to the left of the tumor is then transected with cautery scissors or a thermal device in order to allow for identification of the pancreatic duct, which will later be sewn to the intestinal mucosa. The specimen is placed in a 15 mm Endo Catch TM (Covidien, New Haven, CT) bag and removed through the accessory left lower quadrant port. The specimen is then sent to confirm pathological diagnosis and ensure adequate margins. At this point, if the pathology is confirmed as a benign tumor or a low-grade neoplasm, we proceed with the reconstruction. However, if the pathology is found to be malignancy or high-grade neoplasm, we believe a PD or DP should be performed.
Reconstruction following CP can be performed by either a pancreatogastrostomy or a Roux-en-y pancreaticojejunostomy. Pancreatogastrostomy is favored at our institution due to the formation of a single anastomosis (in comparison to roux-en-y pancreaticojejunostomy) and maintenance of physiologic drainage (7) . The transected surface of the pancreatic head is oversewn using a running V-Loc TM (Medtronic, Minneapolis, MN, USA) suture to ensure hemostasis. Attention is then paid to the reconstruction of the pancreatogastrostomy. The stomach is allowed to lie flat in the retroperitoneum and an optimal location in close proximity to the transected pancreas is marked with a marking pen. At this stage the pancreatic tail should be mobilized further to ensure enough mobility out of the retroperitoneum for a tension free anastomosis. Corner sutures are placed to anchor the pancreas to the stomach on the cranial and caudal aspect of the pancreas. The anterior surface of the pancreas is sutured to the posterior surface of the stomach to create the 'back row' of the pancreatogastrostomy, using a running V-Loc TM suture. A small gastrotomy is created and duct-to-mucosa anastomosis is performed with simple interrupted 5-0 absorbable monofilament sutures over a 5-Fr pediatric feeding tube as a stent in the pancreatic duct. The posterior surface of the pancreas is then sutured to the stomach using a running V-Loc TM suture, completing the outer layer of the anastomosis. All layers of the pancreatogastrostomy are performed using running V-Loc TM sutures except the duct-to-mucosa layer, which we perform in an interrupted manner with 5-0 absorbable monofilament sutures. In the event that the non-dilated pancreatic duct is too small to visualize, we perform an invagination by making a larger gastrotomy and suturing the entire face of the gland into the stomach itself (similar manner to description above), utilizing two layers.
There are multiple members of the team that are critical for success of this operation. This includes anesthesiologists and anesthetists that monitor the airway and stability of the patient, the surgeon who is at the console following port-placement, and the surgical trainee or assistant who is at the bedside, and is responsible for assisting with portplacement, docking of the robot, instrument exchanges and providing help during the operation through the assistant port. Additionally, a scrub nurse is important for providing the appropriate instruments and suture as well as a circulator nurse who maneuvers the robot patient cart to the bedside and is able to acquire any instruments or suture that is not on the operative field. This multi-disciplinary approach ensures a cohesive and safe operation (Figure 2) . 
Outcomes of MIS CP
With a recent increase in the use of cross-sectional imaging, there has been a concomitant increase in the identification of low-grade and benign pancreatic lesions which are amenable to a CP (23) . Therefore, an increasing number of patients are now undergoing CPs and have been reported.
In select higher volume series on open CP, mean morbidity was found to be 50.3% and mortality 0.7% (1,7-10,24-33) ( Table 2 ). The mean re-operative rate was 3.9%. Rates of POPF (34.1%) are comparable to those reported for PD and DP (8, 34) , while postoperative diabetes mellitus (DM) (3.2%), and exocrine insufficiency (EI) (6.5%) are a relatively infrequent complication.
In comparison to open series, the quantity of patients reported in MIS series of CP is even more limited (20, 21, 35, 36) . The largest series on laparoscopic CP was performed by Rotellar and colleagues, which included nine patients (20) . In this group of patients, morbidity was 44% including one reoperation (11%) and two patients who developed POPF (22%); there were no mortalities and no patients experienced endocrine or EI. The largest series of robotic CP was reported by Abood and colleagues, and also included outcomes for 9 patients with low-grade neoplasms (19) . In this series, there was one conversion to an open procedure and 78% of patients experienced a POPF, with clinically significant pancreatic fistula occurring in 22%. This coincides with the rates published for open CP (median =21.2%), where most often only clinically significant fistulas were noted (1, 7, 9, 10, (25) (26) (27) 37) . There were no cases of EI or endocrine dysfunction, and Clavien grade III or higher complications occurred in one patient (11%) with no reoperations or mortality. Similar outcomes were seen in additional reports of robotic CP, indicating it is a viable approach to select central pancreas lesions in specialized centers (18, 19, 23, 38, 39) (Table 3) .
Conclusions
Robotic CP is safe and efficacious for lesions located in the central pancreas. This approach is likely to gain acceptance for select patients that have benign or low-grade neoplasms in the central pancreas given preservation of pancreatic volume and avoidance of adjacent organ resection. Furthermore, robotic CP can achieve similar outcomes with comparable rates of mortality and morbidity as the open approach. 
